A Gram-stain-negative, strictly aerobic, pale-pink-pigmented bacterium, designated strain G27 T , was isolated from a volcanic forest of Jeju Island, South Korea. Cells were catalase-and oxidase-positive, non-motile rods producing exopolysaccharide and flexirubin-type and pale pink pigments. Growth of strain G27
The genus Mucilaginibacter, a member of the family Sphingobacteriaceae of the phylum Bacteroidetes, was first described by Pankratov et al. (2007) with two species, Mucilaginibacter paludis (type species) and Mucilaginibacter gracilis, isolated from acidic Sphagnum peat bogs, and the description of the genus was subsequently emended by Urai et al. (2008) , Baik et al. (2010) and Chen et al. (2014) . The genus Mucilaginibacter includes Gram-negative, non-motile rods producing exopolysaccharide, containing straight and branched-chain saturated fatty acids as the major cellular fatty acids, menaquinone 7 (MK-7) as the major isoprenoid quinone and phosphatidylethanolamine as the major polar lipid, and having 39. 1-47.2 mol% DNA G+C content (Pankratov et al., 2007; Urai et al., 2008; Baik et al., 2010; Chen et al., 2014) . At the time of writing, the genus Mucilaginibacter comprised 32 recognized species (Parte, 2014) , which have been isolated from various environmental habitats such as peat bog (Pankratov et al., 2007) , tundra soil (Jiang et al., 2012) , rice straw , rice paddy soil (Jeon et al., 2009) , wetland (Baik et al., 2010; Joung et al., 2014a) , freshwater (Joung et al., 2014b) , rhizosphere (Madhaiyan et al., 2010; Han et al., 2012; Kim et al., 2012a; Lee et al., 2013) , decaying lichen (Männistö et al., 2010; Khan et al., 2013a, b) , moss (Chen et al., 2014) , leaf mould (Park et al., 2014) , plant stem (Kämpfer et al., 2014; Paiva et al., 2014) , wastewater sewage (Hwang et al., 2014) and marine environments (Kim et al., 2012b; Yoon et al., 2012; Kang et al., 2013) .
Gotjawal, originated from 'got ' and 'jawal ' meaning forest and rock, respectively, in the Jeju dialect, refers to volcanic forests that have formed naturally on the lava terrains of Halla Mountain, Jeju Island in South Korea and covers approximately 6 % of the island's land area. Due to their geographically inaccessible characteristics, the gotjawal forests remain largely undisturbed and undeveloped with their original ecosystems in place. In the course of a study investigating the microbial diversity of the gotjawal forests, we isolated a novel strain belonging to the genus Mucilaginibacter and here we describe its taxonomic characterization using a polyphasic approach.
Strain G27
T was isolated from a gotjawal forest (338 279 22.140 N 1268 209 26.150 E) , located in Jeju Island, Republic of Korea. Briefly, a wet land soil sample was resuspended and serially diluted in 0.9 % (w/v) saline. The diluted samples were spread on R2A agar (Difco) and incubated at 25 8C for 3 days under aerobic conditions. The 16S rRNA genes from colonies grown on R2A agar were PCR-amplified using the universal primers F1 and R13 as described previously (Jeong et al., 2013) . The amplicons were double-digested using a mixture of Hae III and Hha I and the representative PCR products showing unique fragment patterns were partially sequenced using the F1 primer. The resulting 16S rRNA gene sequences were compared with those of validly reported type strains using the Nucleotide Similarity Search program in the EzTaxon-e server (http://www.ezbiocloud. net/eztaxon; Kim et al., 2012c) T were used as reference strains for comparisons of phenotypic properties and fatty acid compositions.
The 16S rRNA gene amplicon of strain G27
T was ligated into the pCR2.1 vector using a TOPO cloning kit (Invitrogen) and sequenced with the M13 reverse and T7 primers of the pCR2.1 vector to obtain longer 16S rRNA gene sequence information. The resulting 16S rRNA gene sequence (1414 nt) of strain G27
T was manually qualitychecked and compared with closely related type strains using the Nucleotide Similarity Search program. The 16S rRNA gene sequences of strain G27
T and closely related taxa were aligned using the fast secondary-structure aware infernal aligner available from the Ribosomal Database Project (https://pyro.cme.msu.edu/login.spr; Nawrocki & Eddy, 2007) . Phylogenetic analyses based on the neighbour-joining (NJ), maximum-likelihood (ML) and maximum-parsimony (MP) algorithms were conducted using the MEGA6 software package (Tamura et al., 2013) . Evolutionary distances for the NJ algorithm were calculated with the Jukes-Cantor model and nearest-neighbour-interchange was applied in the ML analysis. MP analysis was conducted using a branch swapping heuristic search option based on tree-bisection reconnection. The resulting tree topologies were evaluated using bootstrap analyses based on 1000 replicate datasets.
Comparative analysis of 16S rRNA gene sequences showed that strain G27
T was related most closely to M. gossypii Gh-67
T and M. oryzae B9 T with similarities of 96.5, 96.3, 95.8, 95 .5 and 95.5 %, respectively. The phylogenetic tree using the NJ algorithm showed that strain G27
T formed a unique lineage within the genus Mucilaginibacter ( Fig. 1) , which was also recovered by the phylogenetic inferences based on the MP and ML algorithms (Fig. S1 , available in the online Supplementary Material).
Growth of strain G27
T on R2A agar (BD), laboratory prepared Luria-Bertani (LB) agar, nutrient agar (NA; BD), trypticase soy agar (TSA; BD) and marine agar (MA; BD) was evaluated for 2 days at 25 8C. Growth of strain G27
T at different temperatures (0, 4, 10, 15, 20, 25, 30, 35 and 40 8C) and pH (4.5-9.0 at 0.5 pH unit intervals) was assessed in R2A broth. R2A broth with pH below 8.0 and pH 8.0-9.0 was prepared using the Na 2 HPO 4 -NaH 2 PO 4 and Tris/HCl buffers, respectively. After sterilization (121 8C, 15 min), pH of the R2A broth was adjusted again if necessary. Growth of strain G27
T at different NaCl concentrations (0, 0.5, 1, 2, 3, 4 and 5 %, w/v) was tested in R2A broth prepared in the laboratory according to the BD formula. Cells of strain G27
T cultivated on R2A agar for 2 days at 25 8C were used for the following physiological and biochemical tests. Gram staining was investigated using the bioMérieux Gram stain kit according to the manufacturer's instructions. Oxidase activity was evaluated by the oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine (Merck) and catalase activity was tested by the production of oxygen bubbles in 3 % (v/v) aqueous hydrogen peroxide solution (Smibert & Krieg, 1994) . The production of flexirubin-type pigments was assessed using the 20 % KOH test as described by Bernardet et al. (2002) 
and additionally
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Mucilaginibacter gynuensis the production of cellular pigments was investigated by measuring absorption spectra of acetone/methanol (7: 2, v/ v) extracts using a scanning UV/visible spectrophotometer (SynergyMx; BioTek) as described by Biebl et al. (2005) . Cell morphology and the presence of flagella were investigated using phase-contract microscopy and transmission electron microscopy (JEM-1010; JEOL) with cells from an exponentially grown culture in R2A broth at 25 8C. Anaerobic growth was assessed on R2A agar under anaerobic conditions (with 4-10 % CO 2 ) using the GasPak Plus system (BBL) at 25 8C for 10 days. The following properties of strain G27 T and the reference strains were evaluated in parallel under the same conditions at 25 8C.
Hydrolysis of casein, starch, aesculin, Tween 20 and Tween 80 was investigated as described by Lányí (1987) using R2A agar as the basal medium. Nitrate reduction was assessed according to the method of Lányí (1987) . Additional enzyme activities, biochemical features and oxidation of carbon sources were tested using the API ZYM and API 20NE kits (bioMérieux) and GN2 MicroPlate system (Biolog) according to the instructions of the manufacturers, respectively.
Strain G27
T grew on R2A agar (well), NA (weakly) and TSA (weakly), but did not grow on LB agar or MA. Anaerobic growth was not observed after 10 days of incubation at 25 8C. Cells were Gram-stain-negative and nonmotile rods, 0.5-0.7 mm in width and 1.8-2.2 mm in length (Fig. S2) . The pale pink pigment was water-insoluble and had adsorption maxima at 329 and 479 nm in methanol. Physiological and biochemical characteristics of strain G27
T are additionally described in the species description and compared with those of closely related type strains in Table 1 and Table S1 .
The DNA G+C content of strain G27
T was determined by the fluorometric method (Gonzalez & Saiz-Jimenez, 2002) using SYBR Green I and a real-time PCR thermocycler (Bio-Rad). Isoprenoid quinones were extracted according (Pankratov et al., 2007) . All strains are positive for the following characteristics: hydrolysis of Tween 20, oxidase, and alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase and N-acetyl-b-glucosaminidase activities. All strains are negative for the following characteristics: Gram-staining, indole production, D-glucose fermentation, arginine dihydroxylase, hydrolysis of Tween 80 and gelatin, urease, a-chymotrypsin and b-gluocurinidase activities, and assimilation of potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. +, Positive; 2 negative. PP, pale pink; P, pink; LO, light orange. *These analyses were performed using the same conditions in this study.
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to the method of Minnikin et al. (1984) and were analysed using a model LC-20A HPLC system (Shimadzu) equipped with a diode array detector (SPD-M20A; Shimadzu) and a reversed-phase column (25064.6 mm, Kromasil; Akzo Nobel) as described by Komagata & Suzuki (1987) . Strain G27 T and three reference strains were cultivated on R2A agar at 25 8C for 2 days for the analysis of cellular fatty acids. The fatty acids of cells from quadrant streaks on R2A agar were saponified, methylated and extracted according to the standard protocol of the Sherlock Microbial Identification System (MIDI) version 6.0. The fatty acid methyl esters were analysed by GC (Hewlett Packard 7890) and identified by using the TSBA6 database of the Microbial Identification System (Sasser, 1990) . Polar lipids were extracted, resolved by two-dimensional TLC and identified as described by Minnikin et al. (1984) . The following reagents were used to detect different polar lipids: 10 % ethanolic molybdatophosphoric acid (for total polar lipids), ninhydrin (for aminolipids) and Dittmer-Lester reagent (for phospholipids).
The genomic DNA G+C content of strain G27
T was 46.5 mol%, which is in the range reported for type strains of species of the genus Mucilaginibacter. The only respiratory lipoquinone detected in strain G27
T was MK-7, which is good agreement with the major or only respiratory quinone detected in all members of the family Sphingobacteriaceae. The major cellular fatty acids (.5 % of the total) of strain G27
T were summed feature 3 (comprising C 16:1 v7c/ C 16:1 v6c, 47.3 %), iso-C 15:0 (20.0 %), C 16:0 (9.5 %) and C 16:1 v5c (7.9 %). The overall fatty acid profile of strain G27
T was similar to those of the reference strains of the genus Mucilaginibacter; however, there were some differences in the respective proportions of some fatty acid components ( Table 2 ). The major polar lipid of strain G27
T was phosphatidylethanolamine (Fig. S3) . Three unidentified aminophospholipids, two unidentified phospholipids and an unidentified lipid were also detected as minor polar lipids. The profile of polar lipids was in common with those of species of the genus Mucilaginibacter (Chen et al., 2014) . In conclusion, the physiological and chemotaxonomic features of strain G27
T together with phylogenetic inference support the conclusion that it represents a novel species of the genus Mucilaginibacter, for which the name Mucilaginibacter vulcanisilvae sp. nov. is proposed.
Description of Mucilaginibacter vulcanisilvae sp. nov.
Mucilaginibacter vulcanisilvae (vul.ca.ni.sil9vae. L. n. vulcanus the Roman god of fire; L. n. silva forest; N.L. gen. n. vulcanisilvae of/from a volcano forest).
Colonies are pale pink, circular, convex, smooth with entire margins and approximately 3 mm in diameter after 2 days of incubation on R2A agar. Cells are Gram-stain-negative, strictly aerobic and non-motile rods and produce large amounts of exopolysaccharide. Growth occurs in R2A broth at 4-30uC (optimum, 25uC), at pH 5.0-8.0 (optimum, pH 7.0) and in the presence of 0-0.5% (w/v) NaCl (optimum, 0%). Catalase and oxidase are positive. Flexirubin-type and pale pink (showing adsorption maxima at 329 and 479 nm) pigments are produced. Nitrate is not reduced to nitrite. Casein, aesculin and Tween 20 are hydrolysed, but starch and Tween 80 are not. Hydrolysis of aesculin and b-galactosidase activity are detected, but hydrolysis of urea and gelatin, indole production, arginine dihydrolase activity and assimilation of D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid are absent. Alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, Table  S1 are not oxidized. The only respiratory quinone detected is MK-7 and the major cellular fatty acids are summed feature 3 (comprising C 16:1 v7c/C 16:1 v6c), iso-C 15:0 , C 16:0 and C 16:1 v5c. The major polar lipid is phosphatidylethanolamine and some minor unidentified aminophospholipids, unidentified phospholipids and unidentified lipids are also detected.
The type strain, G27 T (5KACC 18231 T 5JCM 30363 T ), was isolated from a volcanic forest, gotjawal, in Jeju Island, Republic Korea. The DNA G+C content of the type strain is 46.5 mol%.
